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Nonalcoholic steatohepatitis (NASH) is hepatic inflammation caused by a buildup of fat in the liver. This
study was designed to examine whether the NASH-associated increase in hepatic TNF-α mRNA expression
and serum TNF-α, and decrease in hepatic PPARα mRNA expression in rats secondary to 12-week consump-
tion of a high-fat diet would be attenuated with concurrent exercise. A total of 28 male Sprague-Dawley strain
rats were randomly assigned into four groups: standard diet without (C, n = 6) and with (E, n = 7) concurrent
exercise; and high-fat diet without (H, n = 8) and with (HE, n = 7) concurrent exercise. The mean daily energy
intake during the intervention period resulting from the standard and high-fat diets was approximately
82 kcal and 95 kcal, respectively. Swimming exercise was carried out in the E and HE groups for 12 weeks.
The initial swimming duration of 30 minutes was progressively increased by 10 min·d−1 to 90 minutes by
the end of the fourth week, which then remained unchanged. NASH revealed by histological activity index,
which occurred in the H but not the C group, was alleviated in the HE group. Moreover, the upregulation of
hepatic TNF-α mRNA expression and serum TNF-α, and downregulation of hepatic PPARα mRNA expression,
which were shown in the H group, were attenuated in the HE group. Such findings suggest that long-term
exercise carried out concurrently with consumption of a high-fat diet could alleviate high-fat diet-induced NASH.
These may be partly attributable to the attenuation of hepatic TNF-α overexpression and the upregulation of
hepatic PPARα mRNA expression. [ J Exerc Sci Fit • Vol 7 • No 1 • 18–23 • 2009]
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Introduction
Nonalcoholic steatohepatitis (NASH) is the progressive
form of nonalcoholic fatty liver disease, characterized by
hepatic steatosis, inflammation and fibrosis. Recently, the
overexpression of hepatic tumor necrosis factor-α (TNF-α)
found in both NASH patients (Cayon et al. 2008) and
animal model (Baumgardner et al. 2008) has been shown
to downmodulate insulin sensitivity in the liver and
promote hepatic inflammation and injury (Svegliati-
Baroni et al. 2006). These concur with the previous
notion that TNF-α mRNA is more elevated in NASH
patients with advanced necroinflammatory infiltrate and
fibrosis (Crespo et al. 2001). Another feature found in
NASH patients is downregulation of hepatic peroxisome
proliferator-activated receptor-α (PPARα) expression
which takes part in activation of target gene expres-
sion for fatty acid uptake, β-oxidation, transport into
Corresponding Author
Yuxiu He, Physical Education College, Hebei
Normal University, Hebei Province, CHINA.
Tel: (+ 86) 31186268498
E-mail: heyuxiu@mail.hebtu.edu.cn
J Exerc Sci Fit • Vol 7 • No 1 • 18–23 • 2009 19
H. Zhang et al.
peroxisomes, and ω-oxidation of unsaturated fatty acids
(Svegliati-Baroni et al. 2006). The downregulated PPARα
reduces hepatic lipid oxidation and, eventually, leads to
steatosis. Both the variations in hepatic TNF-α and PPARα
may be associated with the pathogenesis of NASH.
Recently, it was noted that NASH induced by long-
term consumption of a high-fat diet in rats was atten-
uated by concurrent exercise (He et al. 2008). The
lessened accumulation of lipids and inflammation in
the liver were partly attributed to the reduction in
serum and hepatic nonesterified fatty acids. However,
it was not known whether the mechanism for the less-
ened accumulation of lipids and inflammation in the
liver secondary to exercise involves the attenuation of
hepatic TNF-α overexpression and the upregulation of
hepatic PPARα mRNA expression. Long-term exercise
has been demonstrated to reduce the high-fat diet-
induced increase in TNF-α mRNA in the adipose tissue
of rats (Bradley et al. 2008), and the circulating TNF-α
levels in obese young women (Kondo et al. 2006). It
was also reported to increase PPARα expression in
muscle and heart tissues (Iemitsu et al. 2002; Horowitz
et al. 2000). Oh et al. (2006) further noted that the
hepatic mRNA levels of PPARα target enzymes, which
are involved in the regulation of mitochondrial and
peroxisomal fatty acid β-oxidation, were increased in
obese db/db (leptin receptor-null) mice following 6-
week swimming training. It was hypothesized that
long-term exercise carried out concurrently with con-
sumption of a high-fat diet would attenuate hepatic
TNF-α overexpression and upregulate hepatic PPARα
mRNA expression. The purpose of this study was to
examine the effect of swimming training, which was
conducted concurrently with 12-week consumption of
a high-fat diet, on the high-fat diet-induced changes in
hepatic TNF-α and PPARα in rats.
Materials and Methods
Animal care
A total of 28 male Sprague-Dawley strain rats (age, 
4 weeks), weighing 140–160 g each, were housed and
bred by pairs in a pathogen-free environment with con-
sistent light-dark cycle of 12 hours, and constant humid-
ity and temperature of 60% and 21 ± 1°C, respectively.
All animal experiments conducted in this study were
in compliance with the rules of the Chinese Institutes
of Health for the use of laboratory animals and were
approved by the Animal Ethics Committee of Hebei
Normal University, China.
Diet and exercise protocol
All animals were randomly assigned into four groups:
standard diet without (C, n = 6) and with (E, n = 7) con-
current exercise; and high-fat diet without (H, n = 8)
and with (HE, n = 7) concurrent exercise. The standard
and high-fat diets in pellet form prepared by Hebei
Province Experimental Animal Centre, China com-
prised 11% lipid, 62% CHO and 27% protein, and 35%
lipid, 45.6% CHO and 19.4%protein (Kcal), respectively.
The mean daily energy intake during the intervention
period resulting from the standard and high-fat diets
was approximately 82 kcal and 95 kcal, respectively.
The high-fat diet has been demonstrated to induce
NASH in sedentary rats after a 12-week intake (He et al.
2008).
In this study, the E and HE groups were required to
swim 5 days a week for 12 weeks. The swimming
exercise was carried out in two plastic barrels filled
with water of 0.2 m2 (area) × 0.5 m (depth) at 32 ± 2°C.
The initial swimming duration of 30 minutes was 
progressively increased by 10 min·d−1 to 90 minutes
by the end of the fourth week, which then remained
unchanged until the end of the study. For each training
trial, there was a maximum of four rats which carried
no additional weight swimming simultaneously in one
barrel.
Blood and tissue sampling
Blood and tissue sampling procedures were performed
as reported previously (He et al. 2008). Briefly, animals
fasted for at least 4 hours and were restrained from
training 48 hours before the sacrifice. After complete
anesthesia, 4 mL of blood was drawn from the abdom-
inal vena cava and was then centrifuged at 3000 rpm
at 4°C for 8 minutes. The serum was stored at −30°C
for TNF-α analysis with a commercially available rat
enzyme-linked immunosorbent assay kit (R&D Systems,
Minneapolis, MN, USA). Liver tissue was obtained and
frozen in liquid nitrogen for the measurement of mRNA
of TNF-α and PPARα. Additional sections of liver tissue
were formalin-fixed for histological analysis.
Histopathological examination
Hepatic sections were prepared and stained with
hematoxylin and eosin for routine histopathological
examination. The determination of hepatic necroinflam-
matory activity using the histological activity index (HAI)
was performed as reported previously (He et al. 2008).
Briefly, HAI was scored by the severity of portal inflam-
mation (P), intralobular inflammation (L), piecemeal
necrosis (PN) and bridging necrosis (BN). The scores
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from one to four were used in accordance with the
severity of lesions and the total score was calculated as
P + L + 2(PN + BN).
Measurement of TNF-a and PPARa mRNA
RNA was extracted using TriZol (Amresco, Solon, OH,
USA) following the manufacturer’s instructions. In short,
1 mL of TriZol was added to the sample, homogenized
and placed on ice. Then, 100 μL of chloroform:isoamyl
alchohol (24:1) was added to the sample, which was
then thoroughly shaken, followed by centrifugation at
12,000g at 4°C for 20 minutes. The upper aqueous
layer was then transferred into a fresh tube, to which an
equal volume of ice-cold isopropanol was added. The
sample was stored at −20°C for 30 minutes and then
spun at 12,000g for 15 minutes at 4°C. The gel-like pel-
let formed by the RNA precipitates was washed with
0.5 mL of 75% ethanol in DEPC-treated water and cen-
trifuged at 6000g for 10 minutes. After drying at room
temperature (did not dry completely), the RNA pellet was
dissolved in 20 μL of DEPC-treated water, and was then
ready for reverse transcription. The concentration of RNA
was determined by absorbance at 260 nm, and its
integrity was disclosed by means of electrophoresis 
on 1.5% agarose gel, and then stained with 0.1 mg/L
ethidium bromide.
A total of 1 μg of RNA was converted to comple-
mentary DNA using 1 μL (300 U/μL) reverse transcrip-
tase in 15 μL buffer, which contained 1.5 μL (10 mM)
dNTP, 0.5 μL (50 U/μL) RNase inhibitor, 0.5 μL MgCl2,
and 1 μL (500 ng/μL) random primer.
Two μL of cDNA was amplified in a final volume of
25 μL of PCR buffer, 1 μL (1 U/μL) Red Taq DNA poly-
merase, 2.5 μL (2 mM) dNTP, 1 μL (10 pmol/μL) of each
primer for TNF-α, PPARα and β-actin. PCR reaction
conditions were: denaturation at 94°C for 30 seconds,
annealing at 55°C for 30 seconds (TNF-α) or at 53°C
for 35 seconds (PPARα), and final extension at 72°C for
30 seconds (TNF-α) or 35 seconds (PPARα), 35 cycles.
PCR reaction was performed in AB2720 PCR system
(Applied Biosystems, Foster City, CA, USA). Primer
sequences and PCR reaction conditions are shown in
the Table.
PCR products underwent a vertical electrophoresis
in 1.5% agarose gel. Electrophoretic bands were stained
with 0.1 mg/L ethidium bromide and scanned on a
densitometer image analyzer system (UVP, Upland,
CA, USA). The results were expressed as the optical den-
sity ratio of TNF-α and PPARα to control β-actin.
Statistical analysis
Values are expressed as mean± standard error. Statistical
analyses were performed using two-way ANOVA for
non-repeated measure design, with diet and exercise
training as main effects. Least significant difference post
hoc test was used in the event of a significant (p < 0.05)
F ratio.
Results
Hepatopathological manifestations
After the 12-week diet and exercise intervention, the
liver HAI (Figure 1) of the two standard diet groups 
(C, 0.60 ± 0.54; E, 0.66 ± 0.51; p > 0.05) were similar,
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Fig. 1 Liver histological activity index among the C, H, HE and
E groups after the 12-week diet and exercise intervention.
*Significantly different from the H group, p<0.01; †significantly
different from the HE group, p < 0.01.
Table. Primer sequences and PCR reaction conditions
Gene Primers Product size
TNF-α Forward: 5-GTCGTAGCAAACCACCAAG-3 214 bp
Reverse: 5-GGTATGAAGTGGCAAATCG-3
PPARα Forward: 5-AGC CAT TCT GCG ACA TCA-3 315 bp
Reverse: 5-CGT CTG ACT CGG TCT TCT TG-3
β-actin Forward: 5-GAGGGAAATCGTGCGTGAC-3 445 bp
Reverse: 5-CTGGAAGGTGGACAGTGAG-3
but significantly lower (p < 0.01) when compared with
the two high-fat diet groups (H, 6.28 ± 2.42; HE,
4.33 ± 0.81). Further, the HAI of the H group was sig-
nificantly higher than that of the HE group (p < 0.01).
Hepatic TNF-a mRNA and serum TNF-a
The expression of hepatic TNF-α mRNA (Figure 2) was
higher in the H group (1.93 ± 0.74) compared to the C
(1.19±0.18), HE (1.04±0.20) and E (1.37±0.32) groups
(p < 0.01) after the 12-week intervention. No difference
was found among the C, E and HE groups (p > 0.05).
For serum TNF-α (Figure 3), similar results were found
for the four groups (H, 22.1 ± 3.0; C, 17.6 ± 2.9; HE,
17.8 ± 1.4; E, 18.9 ± 1.7 pg·mL−1; p < 0.01).
Hepatic PPARa mRNA
After the 12-week intervention, the expression of hepatic
PPARα mRNA (Figure 4) in the HE group (0.58 ± 0.05)
was higher than that in the H group (0.49 ± 0.04;
p < 0.01), but lower than that in the C (0.93 ± 0.02;
p<0.01) and E (1.03±0.04; p<0.01) groups. The PPARα
mRNA in the E group was also higher than that in the
C group (p < 0.01).
Discussion
The pathogenesis of NASH is often conceptualized as 
a two-step process, consisting of hepatic triglyceride
accumulation, followed by the development of oxida-
tive stress and cytokines that mediate inflammation,
apoptosis necrosis, cholestasis, fibrosis in liver, and
eventually lead to steatohepatitis (Day & James 1998).
Among the various cytokines, the proinflammatory
cytokine TNF-α, which usually appears at the early
stage of liver injury, is a key factor that triggers the
release of other cytokines to mediate phagocytosis in
the acute inflammatory phase, and initiates a healing
response in the subsequent regeneration phase (Tilg &
Diehl 2000). In the present study, NASH revealed by
the elevated HAI occurred in the animals in the H
group following the 12-week high-fat diet intervention.
The elevation of HAI was concomitant with increases
in hepatic TNF-α mRNA expression and serum con-
centration compared with their counterparts (C group).
Such findings are in line with previous reports that
obese patients with NASH show overexpression of
gene coding for the inflammatory cytokine TNF-α, and
of TNF-α mRNA in the liver and adipose tissues
(Cayon et al. 2008; Crespo et al. 2001).
The attenuation of NASH induced by long-term con-
sumption of a high-fat diet in rats with concurrent exer-
cise, which has been demonstrated in our previous
study (He et al. 2008), was also found in the present
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Fig. 2 Hepatic TNF-α mRNA expression among the C, H, HE and E groups after the 12-week diet and exercise intervention. 
(A) TNF-α mRNA and β-actin mRNA electrophoretogram. (B) Autoradiograph was quantified by scanning densitometry and the
data presented as the ratio of TNF-α to β-actin. *Significantly different from the H group, p < 0.01.
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Fig. 3 Serum TNF-α in the C, H, HE and E groups after the
12-week diet and exercise intervention. *Significantly differ-
ent from the H group, p < 0.01.
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study (HE group). The present study further showed
that the attenuation of the high-fat diet-induced NASH
with concurrent exercise was associated with a decrease
in hepatic TNF-α overexpression. To our knowledge,
this is the first evidence that exercise training can sup-
press liver TNF-α overexpression induced by a high-fat
diet. Bradley et al. (2008) reported that 6-week volun-
tary exercise decreased adipose tissue TNF-α mRNA
expression, but not gene expression in liver for TNF-α,
of rats in both high-fat and standard diet state. The dif-
ferent findings may be due to the relatively long exer-
cise period applied in the present study compared to
their study. In our study, we did not observe significant
differences in hepatic TNF-α gene expression and cir-
culating concentration following the 12-week exercise
intervention between the two standard-diet groups
either with (E group) or without exercise (C group).
These concur with the findings in previous studies that
improvement in proinflammatory cytokine with exer-
cise only occurred in health crisis or clinical situations
such as obesity (Kondo et al. 2006; Monzillo et al.
2003), impaired glucose tolerance (Straczkowski et al.
2001), and heart failure (Larsen et al. 2001). The pres-
ent findings could not explain clearly the mechanisms
of exercise-induced downregulation of hepatic TNF-α
expression in the HE group, which remain to be fur-
ther elucidated. Neuschwander-Tetri and Caldwell (2003)
reported that plasma TNF-α, which is derived prima-
rily from adipose tissue in the absence of active infec-
tions or inflammation, correlates with fat mass in
individuals. We postulate that the attenuation of serum
TNF-α overexpression in the HE group may partly be 
a result of the relatively low body fat following the 
12-week exercise intervention that has been shown in
our previous study (He et al. 2008).
Apart from the upregulation of TNF-α expression,
the consumption of a high-fat diet for 12 weeks in 
the H group also downregulated hepatic PPARα mRNA
expression, as has been shown in previous animal
model studies of high-fat diet-NASH (Svegliati-Baroni
et al. 2006; Zou et al. 2006). The PPARs are nuclear
receptors that bind with fatty acid-derived ligands to
activate the transcription of genes that regulate lipid
metabolism. There are three PPAR isoforms described
as α, δ, and γ. PPARα, which is expressed in the liver
and other metabolically active tissues including stri-
ated muscles, kidney and pancreas, regulates most
genes encoding enzymes involved in the mitochon-
drial and peroxisomal fatty acid β-oxidation pathways.
Downregulation of PPARα gene expression under con-
ditions of fasting or long-term high-fat diet may result
in hepatic steatosis, or further in inflammation, due to
increased fatty acid in blood and decreased liver fatty
acid oxidation (Kallwitz et al. 2008). In the present
study, the high-fat diet-induced NASH in the H group
resulting from lipid accumulation in the liver is partly
attributed to the decrease in hepatic PPARα mRNA
expression. Nevertheless, when the animals in the high-
fat diet group (HE) or standard diet group (E) performed
regular exercise during the diet intervention period,
hepatic PPARα mRNA was increased. Such findings
are in line with the improvements in skeletal muscle
PPARα in lean women (Horowitz et al. 2000), and in
hepatic mRNA levels of PPARα target enzymes in
obese db/db rats following prolonged exercise training
reported in previous studies (Oh et al. 2006).
Lemberger et al. (1996) reported that the release 
of glucocorticoids during prolonged exercise are po-
tent stimulators of hepatic PPARα mRNA expression. 
Elevated fatty acid concentration in hepatocytes may
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Fig. 4 Hepatic PPARα mRNA expression among the C, H, HE and E groups after the 12-week diet and exercise intervention.
(A) PPARα mRNA and β-actin mRNA electrophoretogram. (B) Autoradiograph was quantified by scanning densitometry and
the data presented as the ratio of PPARα to β-actin. The differences among the four groups were significant, p < 0.01.
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synergize the effect of glucocorticoids on PPARα mRNA
expression (Steineger et al. 1994). In this study, the
upregulation of hepatic PPARα mRNA expression in
both exercise (E and HE) groups may partly be a result
of the regular exposures of elevated plasma glucocorti-
coids, such as cortisol, and high mobilization of free
fatty acid during the 12-week exercise training. Further,
Beier et al. (1997) have demonstrated the downregula-
tion of PPARα mRNA and protein with TNF-α treatment
in rat liver. It is also possible that the downregulation of
hepatic TNF-α expression contributed to the increase
in hepatic PPARα mRNA expression in the HE group.
In summary, high-fat diet-induced NASH in rats 
is associated with increases in hepatic TNF-α mRNA
expression and serum concentration, and decreased
hepatic PPARα mRNA expression. Long-term exercise
carried out concurrently with the consumption of a
high-fat diet attenuates the associated hepatic TNF-α
overexpression and the upregulation of hepatic PPARα
mRNA expression, and, in turn, alleviates the high-fat
diet-induced NASH.
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